Background: As a result of prolonged survival, more patients with cystic fibrosis (CF) participate in the labour force. The aim of this study was to evaluate their education, occupation levels and risk factors for work disability. Method: 207 patients answered a self-administered questionnaire about their educational level and work status. Independently, medical records were reviewed for illness severity indicators. Results: 39 patients (19%) were students, 117 (57%) were in the labour force, 13 (6%) were seeking employment and 38 (18%) were inactive. CF patients had a higher educational level and were more likely to hold skilled jobs and to work part time than the general population. FEV1 and educational level were the strongest predictive factors of disability. Conclusion: Many CF patients have access to professional life. Their higher educational levels improve the chances of attaining employment, which highlights the need for career counselling. Working part time helps to maintain employment despite declining health.
Introduction
In France, cystic fibrosis (CF) affects nearly 6500 patients [1] and one newborn child in 4136 [2] . With improvement in treatment and care, the life expectancy of CF patients has steadily increased over the past few decades. Their median life span is approaching 40 years and nearly half of the population reaches adulthood [3] . CF, formerly a childhood disease, is now a chronic disease of adults. Adult life confronts patients with new challenges. These patients require age-appropriate care and counselling about adult issues including career choices [4] . Widerman studied the educational needs of adults who were diagnosed with CF in adulthood and showed that employment and insurance issues were topics of high interest, once the basis of the disease and its treatments were known [5] .
Employability is associated with better quality of life scores [6] and lower depression scores [7] . The positive association between employment and some quality of life scores was maintained even after controlling for relevant medical parameters [8] . Moreover, some aspects of quality of life reported by patients may be in themselves predictors of survival in CF [9] . This interaction between work, quality of life and possibly survival, makes it essential that caregivers strive to help their patients succeed in their professional lives.
However, very few CF adolescents receive any formal career guidance [10] , probably because little is known about the work life of adult CF patients and the data about the factors associated with their employment are equivocal. CF involves a series of issues that could pose a barrier to employability. Respiratory insufficiency or malnutrition may limit the capacity to hold a job, whereas their need for treatment time or their absenteeism may be incompatible with working life.
To better characterise the impact of CF on professional activities, we conducted a cross-sectional observational study in our cohort of adult CF patients. The aim of our study was to evaluate their social and demographic characteristics, their education and occupation levels, and to determine risk factors for work disability.
Patients and methods

Design
We conducted a cross-sectional study between January and June 2009 in our adult CF centre in Paris, France. CF physicians asked their CF patients to complete a questionnaire, which was then self-administered during an outpatient visit or hospitalisation at the CF centre. 207 out of 317 CF patients participated in the study. Among the 110 non-participants, 51 patients were not seen at the CF centre during the inclusion period, 58 patients were not asked to answer the questionnaire and only one patient refused because of lack of time. This observational population survey was conducted in accordance with the Declaration of Helsinki and French law and patients gave their written informed consent to participate.
Data collection
The self-administered questionnaire recorded the demographic characteristics of the patients, their daily management of treatments (physiotherapy time, nebulised treatment time and overall treatment time), their educational level and detailed occupational status. Jobs were classified in occupational activity families according to FAP-2003 [11] . This nomenclature, established by the French Department of Employment, groups occupations that involve common skills based on close professional practices. Each job has a corresponding field of activity and level of qualification. Concerning employment status, we differentiated four groups of patients: students, employed persons, unemployed persons (seeking a job) and inactive persons (including retired persons, housewives and those not seeking a job). Medical records were reviewed independently for the history of the disease, treatments and illness severity indicators.
Demographic data included sex, age at CF diagnosis and age at time of the survey. Genotypes were classified into three categories according to the probable effect of their mutations on CFTR function [12] regardless of clinical severity. These categories were: severe genotype (two severe mutations), mild genotype (at least one mild mutation) and undetermined genotype (at least one unidentified mutation and no mild mutation). Patients were classified as pancreatic insufficient (faecal elastase b 200 μg/g or faecal fat > 6 g/day) or pancreatic sufficient. Sputum culture results were recorded and chronic bronchial colonisation was defined as the presence of bacteria for at least six months and three positive sputum cultures. Pulmonary function test results (forced vital capacity [FVC] and forced expiratory volume in 1 s [FEV1]) were expressed as the percentage of the predicted value [13] and the best values achieved during the past six months were noted.
Body mass index (BMI; weight/height 2 ) was also recorded. Other collected data included common comorbidities (e.g., diabetes mellitus, liver cirrhosis) and indications about treatment (number of yearly intravenous [IV] antibiotic courses, oxygen treatment).
Statistical methods
Quantitative variables are expressed as means with standard deviation, range and median, indicated as appropriate. Descriptive data are expressed as percentages of the patients for whom data were available.
For the comparisons between patients, the Chi-square test was used for qualitative data. For quantitative data, Student's t-test was used when the distribution of the variable was normal; otherwise a Wilcoxon-Mann-Whitney rank-sum test was applied.
To identify parameters associated with disability, the analysis was conducted in two phases. Firstly, in a univariate analysis, socio-demographic and clinical characteristics, and treatment modalities were compared between workers and non-workers. A prevalence ratio (PR) of disability was calculated for each characteristic. Confidence intervals of PR were calculated using normal approximation (Wald). P values were calculated using Fisher's exact test. Disability was defined by having no job at inclusion. Students and retired people were excluded from these analyses. Secondly, multivariate analysis was performed by logistic regression. The regression model included six a priori selected variables: socio-demographic characteristics (age, gender and education), CF severity indicators (exocrine pancreatic insufficiency and FEV1) and diabetes, which has been recognised to have a negative impact on employment independently of CF [14] . Significance was defined as p b 0.05 for all analyses. The R packages were used for statistical analyses [15] .
Results
Sample characteristics
The main characteristics of the 207 participants are listed in Table 1 . The 110 other patients cared for at our CF centre who were not included in the study were not different from the study participants in terms of gender (65 females, 59%), mean age at diagnosis (8.3 years), mean FEV1 (56.9% pred.), mean FVC (71.1% pred.), mean BMI (20.6 kg/m²) and mean number of IV antibiotic courses per year (1.54), although they were slightly younger than the participants (mean age: 28.8 years, p = 0.03).
The majority of the patients were single (38% were married or living with a partner), 30% lived at their parents' home and 23% had children. CF was the reason for inactivity for the 28 patients who were not employed and not looking for work. Two persons were retired.
In stability periods, the mean daily treatment time was 55 min (median: 61 min). 183 patients (89%) underwent daily physiotherapy, which required an average of 38 min. 136 patients (66%) received nebulised treatment requiring an average of 32 min daily. Twenty patients received oxygen therapy (continuously in ten patients) and ten had non-invasive ventilation. More than a third of the patients (75 patients, 36%) received no IV antibiotic therapy during the past year, whereas a third received at least three courses. Among diabetic patients, 47 (72%) were treated with insulin. Dietary supplements were prescribed to 78 patients (38%) including 15 patients who received enteral feeding.
Employment status
Among the 168 patients who had completed their studies, 70% was employed when interviewed and 94% had had a job in the past. Among transplant recipients, one was inactive, two were students, two were seeking employment and seven were employed.
The educational levels of the non-student patients were as follows: 119 (72%) had at least a high school diploma, 94 (57%) had studied at least two years at university and 28 (17%) had a Master's degree. Eighteen patients (13%) declared that they had stopped their studies because of CF.
Activities which were not recommended to CF patients the most frequently were: health care work (n = 16), physical work (n = 11), work involving contact with children (n = 6), work involving exposure to dusts or fumes (n = 6), outdoor work (n = 6), work involving contact with animals (n = 4), hairdressing (n = 4) and work in green spaces (n = 4).
Job characteristics were recorded for 116 out of the 117 patients who were employed (Table 2) . One patient did not give any details about his job. Jobs were mostly sedentary or involved light physical activity (70%). Very few people had an unskilled job: 29 were professionals (25%), 45 had intermediate positions (39%), 37 were clerks (32%) and only five were blue-collar workers (4%). Seven patients worked at home (3 females and 4 males). Eight patients were self-employed.
More than half of the workers (55%) considered that they had limitations in their job due to CF, 67% thought that CF prevented them from having a career and 37% believed that it was a cause of a lower income. Only 33% had revealed that they had CF at job interviews but 62% had announced their disease to their colleagues. Workstation adjustments had been done for 25 patients (22%), and these most often consisted of a decrease in the hours worked. Part-time workers were more often females and seemed to have a more severe disease than their full-time employed peers (Table 3) .
Among the patients who had had at least one antibiotic IV course in the past year, 71% had stopped working during these treatments, mostly for the entire course (81%). Overall, 70% of the workers declared having at least one sick leave for CF during the previous year (the median amount of time spent on sick leave was 15 days/year). These leaves caused a service disruption in 54% of the cases. 
Factors associated with employment status
Univariate analysis showed that the patients who were living with their parents, those who were single and those who had a low educational level worked less frequently than the others (Table 4) (Table 4 ).
Discussion
We provide data about the employment status of 207 adults with CF, which is the largest CF cohort for whom their field of professional insertion was studied.
Work status
Our results showed that most of our CF adult patients had participated in the labour force at some point in their lives, as 94% of them had had a previous job and many of them were employed at the time of the study (70% of the non-student patients). This encouraging finding is consistent with the employment rates of CF patients found in studies conducted in other countries: 55% of 49 CF adult patients in California [16] , 48% of 183 patients in North Carolina [7] , 72% of 50 patients in Australia [6] and 56% of 130 patients in Canada [17] . In France in 2007, among people between the ages of 25 and 39, the labour force participation rate and the employment rate were respectively 89% and 82% for the general population, and 63% and 51% for people with an officially recognised disability [18] .
We also highlight the good workforce participation of CF patients after transplantation: among ten non-student lung transplant recipients, seven were employed. This result is in line with previous studies, which have shown that CF is a lung transplantation indication associated with a good prognosis for subsequent employment [19, 20] .
The key factor for successful professional insertion is education and the educational level of our patients was higher than that of the general population. Indeed, whereas, in 2007, 24.8% of the women and 20.3% of the men in France between the ages of 25 and 34 , and~15% of those of either sex aged 35-44, studied for more than 2 years at university, 32.6% of our patients achieved this level of study. [21] . Due to this high level of education, it is not surprising that many of our patients had access to skilled jobs. Very few were blue-collar workers (less than 5% versus 23% in the general population), whereas technicians, associate professionals, engineers and managers combined were overrepresented in our CF patients (25% versus 16% in the general population) [21] . Burker et al. made a similar observation among 88 employed CF patients [22] : 73% were skilled workers, 21% were semi-skilled workers and only 6% were unskilled labourers (but 31% of the CF patients who had stopped working were unskilled). It is also likely that the skilled jobs attained by patients with higher educational levels were jobs that could more easily accommodate declines in health. Generally, the labour market is more favourable to persons who have scholarly degrees.
We showed that many CF patients succeed in study and work. However, two-thirds thought that CF was an obstacle to their career and cited some of the difficulties they encountered in the workplace. Over half of the patients reported being limited in their work by their disease. Absenteeism often disrupted the functioning of the companies, which is particularly problematic for workers with responsibilities. Patients who were not working also illustrated the employment difficulties related to CF, since three quarters of them reported that their disease was the main cause for their inactivity.
Staying in employment may require an adaptation at the workplace. A third of the workers had expressed interest in or had benefited from an adjustment of their workstation. In most cases, this adjustment involved working time. The percentage of CF patients who worked part-time was two to three times higher than in the general population (37% in CF patients versus 15.9% in workers aged 25-49 in 2009) [21] and was more common among women CF patients. This may be explained by the fatigue of these patients and/or their need for time to complete their care. The disease of patients working part-time also seemed to be more severe than that of patients who worked full-time: their respiratory functions tended to be worse; they received more IV antibiotic courses; and they spent more time on their treatment. Unfortunately, part-time work often leads to a decline in the individual's resources, as social assistance compensates for only part of the income losses related to working less than full-time.
The exercise capacity of adults with CF is often reduced. They are often able to perform mild physical activity (ground walking at a normal pace), but their ability to withstand greater physical activity is reduced [23] . These results can be extrapolated to their professional activities and suggest that CF workers in a tertiary position are likely to be only slightly limited or not limited at all. This relationship is not surprising, since almost 70% of our workers actually had a tertiary activity, such as management and administration, data processing, commerce, banking, insurance, socio-cultural action and education. The same trend was noted by Burker et al. who reported that 26% of the CF patients in their study had sedentary work, 45% had light work, 17% had an average job and only 2% performed heavy work [22] . The health professions and occupations involving contact with children are often not recommended for CF patients, due to the higher risk of being exposed to respiratory pathogens. However, 10% of our patients were employed in these sectors.
Factors associated with work status
Our analysis strategy allowed the associations between work status and many individual factors to be analysed. Most of these parameters did not appear to affect employment status. For example, work status was unaffected by age, gender or daily time of treatment. This last result was unexpected, but the continued activity of individuals requiring higher levels of treatment was most likely permitted by them being allowed to reduce their working hours. However, this should be confirmed in subsequent studies.
In contrast, one or more courses of IV antibiotics and low FEV1 values were risk factors for disability. Although FEV1 values less than 70% of predicted were associated with disability (PR = 3.55 [1.18, 10 .71], p b 0.01), this association was not strengthened at lower FEV1 values. Frangolias et al. also reported doubts about the relevance of a poor FEV1 value as a predictor of disability, as they found no difference in mean FEV1 between 'employed-limited' and 'unemployed-limited' groups [17] . In addition, an FEV1 of less than 40% of the predicted value appeared a poor cut-off value for predicting work status. A similar trend was found with the number of IV antibiotic courses. This means that receiving at least one course of IV antibiotics per year or having an FEV1 value of less than 70%, indicates an increase in the risk of disability, but this risk does not grow linearly as their clinical condition deteriorates. On the contrary, educational level was a factor that was clearly associated with disability: the higher it was, the greater the chance of getting a job was.
In the multivariate analysis, FEV1 and educational level remained the only statistically significant factors associated with employment status. This result demonstrates that CF patients should be encouraged to reach the highest level of education possible, because this level of achievement is likely to determine their employability at least as much as the severity of their disease.
Four previous studies investigated the predictors of disability in CF patients [6, 7, 16, 17] . All were cross-sectional studies, but their analytic strategies and results differed. Gillen et al. used logistic regression without adjusting for educational level and found that decline in FEV1, diagnosis of CF in adulthood and female gender were all risk factors for work disability [16] . Burker et al. found that employed people had a higher mean educational level than inactive individuals, but found no difference in age, gender and FEV1 between the two groups [7] . However, many of these patients were being evaluated for lung transplant surgery and their mean FEV1 was already quite low (31.9% of predicted). Hogg et al. chose to evaluate disability by a score of 0-4 and to calculate the correlations between this disability index score and quantitative variables [6] . Their disability index depended on age, quality of life indices and hospital admission rate, but not on FEV1. Frangolias et al. found FEV1 to be the best predictor of disability, but did not indicate which variables were included in their model [17] . Altogether, taking into account the methodological differences, our results are consistent with these previous studies and illustrate the major impact of respiratory function and education in the disability of CF patients.
Our study's limitations include its single-centre design and the lack of information about the employment status of nonparticipants. We nevertheless studied employment status of more CF patients than any previous study. These patients accounted for two-thirds of our active files within the adult CF centre and since no significant group differences with respect to medical variables were found between the study group and non-participants, they can be considered representative of their peers. Another limitation may be that the patients' quality of life was not evaluated with standardised questionnaires but this can be addressed in further studies and related to the employment status of CF patients.
Conclusion
If the employability of CF patients is a new challenge of their adult life, our results show that it is mainly conditioned by their level of education. Higher levels of education should be encouraged because they are likely to allow access to skilled jobs. These types of jobs are generally more amenable to the workplace adjustments that must accompany their long-term degradation in health if they are to remain employed over a long period of time. It is therefore desirable that all adolescent CF patients and their parents be aware of the importance of counselling in the framework of therapeutic education.
Once patients are integrated into the workplace, working hour reductions offer a way to maintain employment as the disease evolves and the constraints of treatment increase. Therefore, rather than choosing a specific trade, patients with CF should seek careers that allow some flexibility.
